Academic epidemiology has failed to develop the scientific methods and the knowledge base to support the fundamental public health mission of preventing disease and promoting health through organized community efforts. As a basic science of public health, epidemiology should attempt to understand health and disease from a community and ecologic perspective as a consequence of how society is organized and behaves, what impact social and economic forces have on disease incidence rates, and what community actions will be effective in altering incidence rates. However, as taught in most textbooks and as widely practiced by academicians, epidemiology has become a biomedical discipline focused on the distribution and determinants of disease in groups of individuals who happen to have some common characteristics, exposures, or diseases. The ecology of human health has not been addressed, and the societal context in which disease occurs has been either disregarded or deliberately abstracted from consideration. By essentially assuming that risk factors for disease in individuals can be summed to understand the causes of disease in populations, academic epidemiology has limited itself to a narrow biomedical perspective, thereby committing the biomedical fallacy of inferring that disease in populations can be understood by studying risk factors for disease in individuals. Epidemiology should be redefined as a study of the distribution and societal determinants of the health status of populations. This definition provides a stronger link to the primary mission of public hearth and places an appropriate emphasis on the social, economic, environmental, and cultural determinants of population hearth. Epidemiology must cross the boundaries of other population sciences and add to its scope a macro-epidemiology, a study of causes from a truly population perspective, considering health and disease within the context of the total human environment. Am J Epidemiol 1997;145:479-84. epidemiology; history of medicine, 20th cent.; population; public health
PROSECUTOR: Thank you, Your Honor. The State charges academic epidemiology with failure to serve as the basic science of public health. Academic epidemiology has failed to develop the scientific methods and the knowledge base to support the public health mission. The substance of this mission, according to the Institute of Medicine, is "organized community efforts [emphasis added] aimed at the prevention of disease and promotion of health" (1, p. 41). Research methodologies elaborated by academic epidemiologists over the past four decades, rather than enabling public health to develop community intervention programs, have served the clinician's interest in understanding why individuals become sick and what counsel they might give to their patients to prevent disease.
Shy
The preponderance of current published articles in epidemiologic journals deal with risk factor and disease associations at the individual rather than at the population level of understanding. By abstracting from the societal context in which disease occurs, epidemiologists have failed to provide the public health community with scientifically tested choices among alternative community actions for promoting health. It is one thing to identify the risk factors for lung cancer in individuals and another to understand what changes occurred in society to result in an epidemic of lung cancer in the 20th century. As Rose expresses it, 'To find the determinants of prevalence and incidence rates, we need to study characteristics of populations, not characteristics of individuals" (2, p. 34). Therefore, the State charges academic epidemiology with a failure to develop the methodology and to generate the knowledge required by the public health community to fulfill its fundamental mission of creating and "assuring [the] conditions in which people can be healthy" (1, p. 7). JUDGE: Will the Counsel for the Defense please make your opening statement? COUNSEL FOR THE DEFENSE: Yes, Your Honor. Far from being a failure, the discipline of epidemiology, as taught by academicians and as practiced through their research has, in the words of Milton Terris (3, p. 27), brought about a "second epidemiologic revolution." The first "revolution" came about when epidemiologists discovered the causes of disease epidemics prevalent in the 19th century. These discoveries gave birth to the sanitary reforms of the 19th and early 20th centuries. Then, in the past 40 years, epidemiology developed methods to identify the risk factors for chronic diseases, and this knowledge has served as a basis for preventive actions both at an individual and societal level, resulting in a second epidemiologic revolution, a dramatic decline in mortality from cardiovascular and cerebrovascular diseases. Witness the change in exercise and food consumption habits over the past two decades, and the major reduction in cigarette smoking in this country. It was through epidemiologic research that these lifestyle risk factors were identified in the first place. Academic epidemiologists, along with their colleagues in biostatistics, developed the design and analysis strategies that enabled researchers to study the major risk factors for the chronic diseases that are the leading causes of death in industrialized societies. Furthermore, epidemiologic methods are being used more widely by clinicians in their efforts to practice an evidence-based clinical medicine. The knowledge gained through epidemiologic research over the past four decades provides the basis for public health action at the community level. JUDGE: Thank you, Counsel. Will the Prosecution please proceed with the State's case? PROSECUTOR: Thank you, Your Honor. I wish to call upon my witness. [The witness for the prosecution takes the stand, is duly sworn to tell the truth, and is certified as a qualified expert in epidemiology.] PROSECUTOR: Will you please state the definition of epidemiology as it applies to this case. WITNESS: The standard textbook definition of epidemiology is: "the study of the distribution and determinants of disease in populations." The phrase "disease in populations" is critical to distinguish between epidemiology as a basic public health science and epidemiology as a biomedical science primarily concerned with the etiology of disease in individuals. As a public health discipline, epidemiology should attempt to understand disease as a consequence of how society is organized and behaves, what impact social and economic forces have on incidence rates, and what community actions will be effective in altering incidence rates. That is, epidemiology should look upstream, beyond the immediate causes of disease in individuals (4). Raoul Stallones (5) attempted to capture this broader perspective by characterizing epidemiology as a branch of human ecology. However, as taught in most textbooks and as widely practiced by academicians, epidemiology is a study of the distribution and determinants of disease in groups of individuals who happen to have some common characteristics or exposures. The ecology of human health is not addressed, and the societal context in which disease occurs is either disregarded or deliberately abstracted from consideration (6) . For example, in most epidemiologic studies, race, social class, and economic status are typically treated only as potential confounding factors, and the effect of political policies on population health is rarely considered. Yet, in cross-national studies, per capita gross national product and society's allocation of resources to the health status of its citizens are major predictors of differences in mortality and morbidity (7) . PROSECUTOR: But, should epidemiology spend its time and energy on social and economic factors that are beyond its current disciplinary scope, even if these societal factors are predictive of health status?
WITNESS: If epidemiology is indeed a study of the determinants of disease in populations, and if public health has as its aim the generation of organized community efforts to promote health, then the answer is clearly "yes." To understand the population determi-
The Failure of Academic Epidemiology 481 nants of disease, we must use and incorporate population sciences such as demography, economics, sociology, and even political science, since political action is often the means to bring about community change. In making this claim, I do not mean to imply that epidemiologists need to become demographers and economists, or, for that matter, activists for social and political change, but rather that the discipline of epidemiology needs to incorporate the principles and methods of these disciplines in order to study disease as a consequence of social, economic, cultural, and environmental forces that largely account for population differences in disease rates. To date, academic epidemiology has limited itself to a narrow biomedical perspective of disease (8) . This narrowness has led to a biomedical fallacy, that is, the error in inferring that risk factors for diseases in individuals can be summed to understand the causes of disease in populations, or that the health of a population can be explained entirely in terms of the characteristics of individuals (9) . The biomedical fallacy is likely to occur with far greater frequency, and with greater consequences for public health, than its inverse, the ecologic fallacy.
PROSECUTOR: How, then, would you redefine epidemiology to encompass the broader population perspective you describe? WITNESS: I would define epidemiology as a study of the distribution and societal determinants of the health status of populations. By including the phrase "societal determinants" in the definition, an appropriate emphasis is given to the important contribution of social, economic, and political influences on the health status of population groups. The societal and environmental determinants of disease are the principal objects of public health policy and practice.
PROSECUTOR: Why does the latter part of your definition refer to "health status" rather than disease? WITNESS: The term "health status," as opposed to "disease," more strongly links epidemiology to the primary mission of public health, that of preventing disease and promoting health through organized community efforts. Epidemiology should serve this mission by making population health status a principal object of research (10) . Furthermore, by focusing on variations in health status of populations, epidemiology may be induced to enlarge its perspective beyond the biomedical, and to begin to develop national indicators of health, similar to the indicators of economic vitality such as gross national product, national savings, and the prime interest rate. As Wolfson comments (11, p. 294): "The most common measures of a population's 'health status' are actually their death status-infant mortality and life expectancy-and these are the only measures available over time." He adds, "the absence of health status data at the national level means that we do not have a solid statistical basis for judging whether the health of the. . . population is generally improving, let alone for setting the relative priorities for allocating resources to acute care, chronic care, social services, or early childhood intervention." Clearly, our limited biomedical perspective on disease in populations will not lead us to a knowledge of the societal determinants of the health status of populations. Yet, academic epidemiology is largely restricting itself to the biomedical perspective.
PROSECUTOR: Can you expand on your concept that academic epidemiology, as presently taught and practiced, fails to serve the fundamental mission of public health? WITNESS: The epidemiologist's study of the lung cancer epidemic of the 20th century is a classical example of the limited biomedical perspective. We blame lung cancer on an individual's smoking habit. Epidemiologists should have moved "upstream" by attempting to understand why smoking became so highly prevalent in the 20th century, or, more importantly, what public health interventions would have most effectively reduced the high prevalence of smoking. Academic epidemiology failed to study the underlying societal factors that are causes of disturbances in health at the population level, factors that can be the object of public health interventions. Instead, our research on disease in populations is divorced from a societal context, emphasizes the immediate biologic determinants of disease, and thus serves the medical care system, but provides no clues as to what organized efforts society should undertake to promote health and prevent disease. If epidemiology is to function as a basic science of public health, it must address the underlying population determinants of disease and of health status. To understand how to deal with important public health problems, such as sexually transmitted diseases, violence in society, teenage pregnancies, and disparities in mortality rates between economic classes, the public health community needs research on the population determinants of these problems and on the effectiveness of interventions at the community level. It is insufficient to conclude that social and economic inequalities are important determinants of health. Epidemiology should research these sociocultural factors as potentially modifiable determinants of patterns of disease in populations. Crosscultural studies, such as those conducted by cultural anthropologists, and macro-level studies, such as those commonly employed by economists, are needed to understand the role of different social, cultural, eco-nomic, and physical environments in the incidence and prevalence of disease at the population level. The point is, epidemiology must cross the boundaries of other population sciences and develop a "macroepidemiology," in order to integrate knowledge from the social, environmental, and biologic sciences insofar as they help us to understand population health, disease, and well-being (8) . Academic epidemiology has failed to cross these boundaries and has largely remained at the individual, micro-level of research into the determinants of disease. In doing so, it has neither been a study of disease in populations nor has it served the needs of the practicing public health community.
PROSECUTOR: How do you characterize this new macro-epidemiology? WITNESS: A new paradigm for epidemiology has been discussed in several recent workshops and papers (6, 8, 10, 12, 13) . The fundamental change needed is one of perspective, considering disease within the context of the total human environment, rather than abstracting from this environment, and keeping in clear focus the purpose of epidemiologic research, which is to develop the knowledge base for public health action. According to the Leeds Declaration (13), development of the appropriate knowledge base for public health action requires a response in three broad areas: 1) an extension of the search for causes of disease from the individual to the community and sociopolitical system, 2) a broadening of the methods of epidemiologic research to include qualitative and participatory research methods, and 3) integrating lay knowledge with scientific knowledge, to take account of the richness and complexity of community life. To accomplish this widening of scope and methods, epidemiology needs to adopt principles and methods from more disciplines, particularly from the population sciences that include economics, sociology, demography, anthropology, ecology, and political science. Persons with advanced training in these disciplines should be recruited for doctoral level training in epidemiology. An environment for collaboration with these disciplines needs to be created. Furthermore, epidemiologic research should be explicitly designed for public health action, which often implies social or environmental change. Thus, academic epidemiologists need to be in closer contact with the public health community, in order to develop research methods and to design research that serves the needs of this community (3 [Turning to the Witness.] Your characterization of this new macro-epidemiology appears to encompass all social, environmental, and biologic sciences in one discipline. The likely result will be a superficial and ineffective knowledge of each of them, and equally ineffective research. WITNESS: While epidemiology can draw upon each of these disciplines, it is not necessary for every epidemiologist to develop expertise in all of them. The field of chemistry includes inorganic, organic, physical, and atomic chemists, and the discipline of environmental science has engineers, biologic scientists, and researchers in air and water pollution, radiation, and environmental management. What draws these scientists together in one unit or discipline is a common purpose and a degree of common methods, principles, and technical language. Scientific disciplines expand as old questions are addressed, and the answers lead to new insights and challenges. The methods of classical infectious disease and chronic disease epidemiology developed out of a need to address those public health concerns. From this work, we have begun to appreciate the limitations of these methods and the importance of the societal context of current public health problems, such as violence, teenage pregnancy, sexually transmitted diseases, racial differences in mortality, and occupationally induced psychosocial disorders. Epidemiology must enlarge itself as a discipline to address these issues.
COUNSEL FOR THE DEFENSE: Would you agree that epidemiology achieved considerable success in identifying risk factors for acute and chronic diseases by applying biologic knowledge and theories to the study of disease in population groups? If anything, the discipline is moving in the direction of molecular markers, rather than toward your concept of macroepidemiology. Your ideas are not in step with these new developments.
WITNESS: It is entirely appropriate that epidemiologists use molecular methods to understand more completely the role of biologic factors in disease causation. But, as Rose (2) argued, the causes of disease in individuals and of incidence rates in populations are different. Molecular epidemiology will not give us insights into the causes of an increasingly violent society, of stress-induced behavioral disorders, or of the profound differences in mortality between AfricanAmericans and European-Americans. I do not claim that classical epidemiologic methods and more recent developments in molecular applications are without value, but rather that they are inadequate for epidemiology to achieve its mission of serving as the basic science of public health. There is a great unmet need for a balance between micro-and macroepidemiology; the scale is heavily tilted toward the former.
COUNSEL FOR THE DEFENSE:
Then what you label as a failure of academic epidemiology, is this nothing more than an evolution of the discipline to address new public health concerns? WITNESS: On the contrary, the need for a macroepidemiology has been with us for many decades. The major diseases of the 20th century are more determined by our social, economic, and cultural environments than by biologic factors, yet epidemiology has not moved away from the biomedical perspective. If anything, the discipline has swung even more completely away from a population perspective, as compared with the first part of this century when most epidemiologists were also public health practitioners and policy makers (3). In the 1960s and 1970s, epidemiology was developing holistic, community-based models of disease (3, 5, 14, 15 ) that began to incorporate social and cultural factors. But this movement faded. During recent decades, the emphasis in academia has been on "analytical" and molecular epidemiology and on increasingly sophisticated statistical analyses of individual risk factors in a multivariable setting. Ecologic studies, the only whole-population strategy that has evolved in epidemiology, are more discussed for their limitations (16) than for their utility. Surely, the other population sciences could offer us considerably more in sophisticated methodologies to study disease as a population phenomenon. The evolution of epidemiology toward a macro-perspective was largely in remission during the past two decades.
COUNSEL FOR THE DEFENSE: Your argument is contradicted by a substantial body of epidemiologic research, especially cross-national, cross-cultural, and community-based studies of cardiovascular disease. Keys (17) and Gordon (18) , among others, described cross-national differences in cardiovascular mortality and followed these observations with studies of individual risk factors that provided an important scientific basis for preventive measures. Marmot (19) identified the importance of cultural factors in his comparison of disease rates among native Japanese, Japanese immigrants to the United States, and their offspring. The contributions of psychosocial factors to health status have been extensively studied (14, 20) , and the influence of die social environment on levels and trends in cardiovascular mortality has been characterized (21) . Community-based cardiovascular risk studies have examined the interplay Of sociocultural and individual life-style factors (22, 23) . This research has been preeminent in developing a synthesis of knowledge at the societal and individual levels, or, in your terms, from the micro-epidemiology and macro-epidemiology perspectives.
WITNESS: While it is true that some arenas of epidemiologic research-and cardiovascular epidemiology is an exceptional example-have attempted to integrate societal and individual perspectives on disease risk, the focus of this work still remains on understanding the proximate and individual rather than the underlying and societal determinants of disease. Even in their research on coronary heart disease, epidemiologists, who have elaborated a complex "web of causation," have failed to study the impact of potential changes in public policy or in community-organized activity on cardiovascular health status. They tell us that a lower fat content of the diet, a lower populationaverage body weight, or a lower prevalence of smoking will reduce the population risk of coronary disease. But they do not explore societal policies, incentives, or other interventions at the "organized community" level that would bring about a shift in the population distribution of fat consumption, body weight, or smoking habits. Epidemiologists should undertake such macro-level research in order to produce the sciencebased evidence needed for public health policies and interventions.
COUNSEL FOR THE DEFENSE: How far afield is it reasonable for a single discipline to go? You espouse having epidemiology become not only a study of disease and health status in populations but a science for converting empirical findings into programs of action. Not only does this perspective cross over into the boundaries of social science, but it moves the discipline into the arena of politics itself. Do you really believe mat we can expect scientific evidence to be the major driving force toward choosing rightist or leftist political agendas? Will epidemiologic studies of the "underlying" societal determinants of health convince any society to choose between capitalist and socialist courses of action? Hardly. These choices are made largely on the basis of public persuasion and political consensus, which have little to do with "scientific" evidence. Moreover, your scientific conclusions themselves are always carefully qualified by expressions of their limitations and uncertainties-hardly a driving force toward public persuasion. Thus, the "failure" you ascribe to academic epidemiology is, in reality, a failure of public health advocates and policy makers to incorporate epidemiologic findings into public programs of health promotion and disease prevention. Academic epidemiology has, in fact, been so successful that it is well ahead of the public health community, in that it has generated a full plate of empirical evidence sufficient to feed from for the next several decades.
WITNESS: I do not agree that the empirical findings generated by present-day epidemiologic research provide a sufficient basis for public health action. A large gap exists between knowledge of individual risk factors and science-based societal interventions. One has only to explore the tables of contents of epidemiology textbooks to see the dearth of chapters on community diagnosis, indicators of population health, public health surveillance, public health interventions, and applications of epidemiologic studies to public health policy. If epidemiology were truly the basic science of public health, these topics would be major headings in any basic epidemiology textbook, and they would be vital areas of epidemiologic research and publications.
COUNSEL FOR THE DEFENSE: The topics you cite are more appropriately within the boundaries of public health-related social and behavioral sciences. There is, after all, more to public health than epidemiology. Academic public health draws on the disciplines of demography, sociology, behavioral science, economics, and business management to develop scientific guidelines for its actions. Epidemiology can be, and has functioned well as, the basic science of public health without extending itself far afield into social and political theories of societal behavior.
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